ABSTRACT
INTRODUCTION
Studies show that traffic demand and congestions have grown rapidly in Baghdad in the recent years. As no single solution or technology that can solve the traffic congestion issues all by itself, optimization strategies by using simulation models can be applied to signal timing and road capacity analysis to tackle the problem (Al-Jabbar et al. 2011; Bertini & Cassidy 2002; Yousif & Zhang 2011) .
The quality and accuracy of the simulation models have been improved over the past years while new concepts and technologies added to the field. There are many types of simulation model's characteristics, such as static or dynamic, deterministic or stochastic, microscopic or macroscopic (Wang & Prevedouros 1996) . Different backgrounds and different algorithms will define each simulation model development. Every model is ideal for its situation and also has its strengths and weaknesses; therefore, the selected program should satisfy the analyst needs for his objectives and simulate the aspects of the study area (Russell et al. 2000) .
SIDRA INTERSECTION has been used in much research to evaluate and improve roundabout performance measures. (Sisiopiku & Oh 2001) stated with the aid of SIDRA simulation analysis of variations in volume levels, turning volume splits, number of approach lanes, and lane widths that roundabouts are the best alternative designs for intersections with two-lane approaches that carry heavy through and/or left traffic turning volumes. While (Muley & Al-Mandhari 2014) evaluate the performance of a multi-lane four legged modern roundabout operating in Muscat using SIDRA model. The performance measures include Degree of Saturation (DOS), average delay, and queue lengths. The geometric and traffic data were used for model preparation sensitivity analysis for general and roundabout parameters was performed, amongst lane width, cruise speed, inscribed diameter, entry radius and entry angle showed that inscribed diameter is most crucial factor affecting delay and DOS.
An empirical approach was used to develop a delay model as a function of the influencing factors based on a time interval of 15 min. The analysis indicated that geometric variables have significant effects on the roundabout entry delay (Al-Omari et al. 2004) .
In other hand, SYNCHRO/SimTraffic has been introduced by (Shaaban & Kim 2015) whose compares the performance of the two simulation tools (SimTraffic and VISSIM) in modeling dual lane and triple lane roundabouts under different scenarios such as traffic volume, proportion of left turning movement, and proportion of trucks in the traffic flow. Most of the performance of modern roundabouts' studies that deal with a single lane which are slightly congested. However, lack of existing studies that deals with terms of capacity and delay (Chen & Lee 2016) .
The relationship between the entry capacity of an approach and the circulating flow has been introduced at a macroscopic level as statistical methods or at a microscopic level as probabilistic methods and the relationship has been described in many developed models (Camus et al. 2004 ).
METHODOLOGY
The data collection phase was aimed at assembling all data that would be required to model the traffic flow conditions at the study sites. All traffic data have been collected during morning and evening peak hours (7:00-9:00, 17:00-19:00) in five working days. Figure 1 shows two roundabouts with four approaches in each roundabout. Roundabout (1) represents a high traffic demand with an oval shape of central-island with traffic control system. While roundabout (2) consider being a normal shape central-island roundabout with no traffic control system with less traffic demand. The traffic volumes, traffic composition, and the volume of turning movements have been abstracted from manual recording for each approach at roundabout (1) and roundabout (2). The network average traffic volumes (vehicles/hour) for both Roundabouts are shown in Tables 1 and 2. All roundabouts geometry dimensions have been measured manually in site and automatically via ArcGIS. The main geometric features of roundabout such as (entry width, exit width, entry radius, entry angle, effective lane width, circulating width, splitter island width, inscribed circle diameter, and central island diameter) have been measured to be considered some variables information for the delay model. The main geometric features of the selected roundabouts are shown in Table 3 . Roundabouts (1) and (2) have been simulated by using SIDRA INTERSECTION 6 in order to show the performance measurement of roundabouts with The default value of the basic saturation flow rate used by SIDRA INTERSECTION 6 model is 1950 (tcuphgpl) . Al-Eigaidy (2004) suggested that in order to simulate the ideal saturation flow measured from the field in Baghdad city, 1950 (tcuphgpl) will be changed to 2200 (tcuphgpl). Figure 2 shows the network layout as printed from SIDRA INTERSECTION 6. To analyze any intersection, movement traffic volume is essential especially turning movement volume. Turning movement volume can be measured by tracking vehicles that entering the intersection from the approach leg to the exit leg. This process can be done easily by recruiting more than one observer to a traffic signal intersection due to the clearness and open area of an intersection, this process can be quite difficult with a roundabout with high traffic demands. Also the distance between the entry and exit points is often to out of range for one observer's eye beside that one observer can't track too many vehicles at the same time at the roundabout (Robinson et al. 2000) .
The Federal Highway Administration (FHWA) and Highway Capacity Manual 2010 (TRB 2010) recommended that the roundabouts turning movement estimation must be derived from collected traffic volume data. Which requires various factors such as the entering, exiting, circulating, and right turns for each leg of the traffic circle, as in Figure  1 , while traffic volume that entering the roundabout were determined from Equations 1 and 2, respectively, in addition to each term definition is shown graphically in Figure 4 SYNCHRO can imported any satellite image and then adjusted by input scale automatically; the image scale is adjusted by measuring distance as shown in Figure 3 . RESULTS 
AND DISCUSSION

DEVELOPMENT OF ROUNDABOUT DELAY MODELS
In this paper, the empirical approach will be used to develop roundabout delay models for as a function of traffic volumes and geometric factors. Several variables are used to simulate the traffic conditions that affect total delay (geometric and control delay) such as (volume of vehicles in the circulating roadway, volume of left turning vehicles in the subject entry, and volume of weaving vehicles in the subject entry). Table  4 shows the traffic volume variables for both roundabouts. Also, there are significant impacts on total delay by geometric features such as (central island diameter, entry width, circulating length, and entry radius) were included in model building. The definition of each variable is shown graphically in Figure 5 . FIGURE 
Roundabout variables definition
Source: (Ambros et al. 2016) When building the model, these criteria can be used in a stepwise manner. That is, by either adding consecutive variables to the model (forward search method), or by removing variables from an initial set (backward search method), or combination of them (stepwise method) (Marques de Sá 2007) . With this technique, variables are sequentially added to the model if they pass a threshold test. Variables that have been added might become redundant at a later stage, however, so variables are also tested for possible deletion at each step. These decisions are based on the outcome of partial-F tests (Ryan 2007) .
LINEAR REGRESSION MODEL
Circulating traffic volume (V C ) and entry radius (R e ) are used in model (A), which represent R 2 equals to 0.130 which is not reliable due to very low value with P-value of 0.0706 to model (A) and 0.067 and 0.078 to the dependent variables respectively. Table 4 shows the regression results  while Equation 3 shows values of coefficients for (Vc, Re, and Intercept).
Delay (sec./veh) = 0.258V C -6.574R e + 288.788
According to P-value, it was found that the total delay is significantly affected by more entered factors than model (a) such as weaving traffic volume (V W ), left-turn traffic volume (V L ), and circulating width (W C ), that is why the model equation and the regression results in Table 5 shows that the left-turn traffic volume (V L ) has the greatest linear association considered in delay time according to the result of t-value (1.256), whereas the circulating traffic volume (V C ) has the less linear association with t-value of (-0.183).
According to previous variables, the following linear regression model was produced for estimation of the total delay time as a model (B) with more variables for more accurate regression results. Equation 4 represents more values of coefficient due to the increase of variables in Equation 3. delay will be decreased due to the increase in weaving length resulting in decreasing in vehicles speed.
There is an inverse relationship between delay time and circulating width. This is explained that when the number of lane in roundabout increase, the delay time that produced for the same roundabout will decrease due to the increasing of probability in gap acceptance since the vehicle driver intend to stay in the inner lane of the roundabout leading to keep the outer lane for merging.
MODEL VALIDATION
Model validation will determine which the selected models (A) or (B) are appropriate for the selected traffic and geometric conditions (TRB 2010) . One hour traffic volume data has been collected for the selected roundabouts as a representation of Field Delay and then regressed with the delay time that predicted from the two models (A) and (B). The regression results are shown in Figure 6 and Table 6 . According to models (A) and (B), it is shown that the increasing number in circulating traffic volume (V C ) leads to an increase in delay time resulting to produce shorter gaps which obviously decrease the probability of gap acceptance for entering the roundabout. The weaving traffic in the circulatory road in roundabout may produce gaps to the entry flow and cause an unnecessary delay leading to an increase in total delay time. Geometric According to Table 4 , model (A) explains about 35% of delay time that happened in roundabout resulting to designate model (A) as a non-accurate delay time prediction. Model (B) gives much higher correlation value with 89% than model (A) which leads to more accurate delay time prediction.
CONCLUSION
It can be summarized from this paper that firstly, SIDRA Intersection 6 has been used to predict delay time for the selected roundabouts and founded that the result does not have a significant difference with field delay. Regarding to the results between SIDRA and field, SIDRA can represent a perfect estimation for low and medium values while overestimates high values for field delay. Since SYNCHRO considered being a stochastic micro-simulation model, it is obvious to be the delay time produced by SYNCHRO has a high variation comparing to field delay. Regarding to delay estimation models, the left-turn traffic volume (V L ) has the most significant impact in delay model. While increasing other factors such as traffic circulating volume and weaving volume delay time leads to an increase in delay time. However the increasing in other geometric factors like width of circulating road and the length of weaving section leads to a reduction in delay time. While, the increase in the geometric features dimension (width of circulatory road and the length weaving section) reduce the delay time. The first developed linear model (model A) has underestimates the high values of delay time, where the second developed linear model (model B) has more accurate prediction for delay time.
